The aim of the present investigations was to determine the cumulative effect of foliar treatment of lettuce plants with a CaCl 2 solution and the cold-storage period on the level of chlorophylls in the leaves of lettuce cv. Some plants were analysed immediately after the harvest; other specimens were cold-stored at a temperature of 4 o C for 7 and 14 days. Whole leaves and blades without the midrib were analysed. The results obtained indicated that the foliar application of 0.2M CaCl 2 in lettuce resulted in a decrease in the level of chlorophylls in fresh plants, compared with the control. A beneficial cumulative effect of the CaCl 2 application and storage period on the chlorophyll level in lettuce leaves was observed in the leaf blades of plants after foliar treatment with the 0.1M CaCl 2. solution and cold-stored for 7 and 14 days, in which increased levels of chlorophyll "a" and "b" and total chlorophyll, compared with the control, were found.
INTRODUCTION
Lettuce is one of the most popular vegetables available throughout the year. It is a rich source of components important for human health as they protect against lifestyle diseases, e.g. cancers and cardiac, cardiovascular, and age-related eye diseases. The major bioactive substances contained in lettuce include vitamins E, C, provitamin A, lutein, folic acid, polyphenolic compounds, and minerals [1] [2] [3] [4] [5] [6] [7] . Fresh-cut plants have a short shelf life, during which biochemical changes may occur as a result of post-harvest activities (cutting, packaging) and storage. A typical sign of these processes is browning and loss of colour that are caused by damage to the leaf surface. Loss of colour results from degradation of chlorophylls as an effect of vegetable aging during the storage period [8, 9] . Yellowing or spot browning reduce the commercial value and shorten the shelf life of leafy vegetables during storage [9] . The chlorophyll content has been found to decrease already after several storage days. The reduction in the level of these pigments depends on the species, variety, and temperature [10, 11] . A low storage temperature of 4 o C inhibits reduction of chlorophyll levels. The process is also dependent on the length of the vegetable storage period [9] .
One of the methods for delaying the aging processes of plant tissues is increasing the cellular level of Ca 2+ ions, which play an important role in the process of vegetative aging and maturation of fruits [12] , inhibit the rate of chlorophyll and protein degradation [13] and reduce browning of salads prepared from vegetables [14] [15] [16] . However, no investigations have been conducted on the effect of Ca 2+ applied in plants during the vegetation season on the chlorophyll level in lettuce heads during the cold-storage period.
The aim of the present study was to determine the changes in the chlorophyll content in the leaves of lettuce cv. Omega ٫ , which received pre-harvest foliar treatment with CaCl 2 and was cold-stored for 7 and 14 days. 3 . Nutrients were supplied following the specific requirements of the plant species. During the growing period, the lettuce plants were sprayed with CaCl 2 solutions at the concentrations of 0.1M (Ca1) 0.2M (Ca2) and with water (control -0) 20 and 10 days before harvest. After the harvest, lettuce plants in each experimental series (15 plants) were divided into three groups: some plants were designated for immediate analyses and other specimens were cold-stored (4 o C) in dark polyethylene bags for 7 and 14 days. Prior to the analyses, the plants were washed with distilled water and whole leaves and leaf blades without the midrib were separated, fragmented into ca. 1 cm 2 pieces, and prepared for the analysis.
Chlorophylls were determined with Arnon's method [17] in acetone extracts prepared from the plant material by acetone homogenization and filtration under reduced pressure. Extracts prepared from whole leaves and leaf blades from fresh and cold-stored lettuce were subjected to the analysis. The chlorophyll content was measured based on extract absorbance at two wavelengths, 645 nm for chlorophyll "a" and 663 nm for chlorophyll "b", using a Shimadzu UV-VIS spectrophotometer.
RESULTS
The results obtained demonstrated that the chlorophyll content depended on the analysed part of the lettuce leaf, concentration of CaCl 2 applied through pre-harvest foliar spraying, and the duration of cold storage.
The analysis of the content of chlorophyll "a" in fresh whole leaves and leaf blades revealed an approximately 20% lower concentration thereof in the leaves than in the leaf blades ( Fig.1A and B) . The treatment of lettuce plants with the CaCl 2 solution resulted in an over 30% decrease in the chlorophyll content in the fresh whole leaves upon the application of the 0.1M and 0.2 M concentrations and in the leaf blades of plants sprayed with 0.2M CaCl 2 .
During the cold storage of control lettuce plants at 4 o C, a decrease in the chlorophyll "a" level was found both in the whole leaves after 14 days and leaf blades after 7 days. In the whole leaves of the control plants, the level of chlorophyll "a" decreased by 17.5% in plants stored for 14 days, compared with its content in fresh leaves. In turn, CaCl 2 -treated plants initially exhibited a decline in the chlorophyll level by ca. 32%; after 7 days, an over 21% increase was noted in plants treated with 0.1M CaCl 2 after 14 days storage, in comparison with the control plants analysed in the same period.
The results of assessment of the chlorophyll "a" contents in the leaf blades of CaCl 2 -untreated and cold--stored control plants indicated an approximately 21% reduction in the level of this type of chlorophyll after 7 days, in comparison with the level in fresh plants, whereas the 14-day storage did not change the content of chlorophyll "a" (Fig. 1.B) . It was found, however, that the leaf blades of cold-stored plants sprayed with a 0.1 M CaCl 2 solution (Ca1) before the harvest contained higher (by 35% and ca. 40%) levels of chlorophyll "a" than the leaf blades in the control plant samples stored in the same conditions. The results of the analysis of the chlorophyll "b" content in lettuce showed that the Omega lettuce leaves were characterised by a lower content of chlorophyll "b" than chlorophyll "a" and, as in the case of chlorophyll "a", it depended on the analysed part of the leaf, pre-harvest CaCl 2 application, and the length of the cold-storage period ( Fig. 2 A and B) .
In the whole leaves of the fresh control plants, the level of chlorophyll "b" was by approximately 35% lower than that in the leaf blades. Spraying the plants with 0.1M CaCl 2 exerted a beneficial effect on accumulation of chlorophyll "b" in fresh lettuce leaves -a higher content of this chlorophyll was detected in the whole leaves (by 12 % ) and leaf blades (by 9.6 %) of fresh lettuce than in the control.
During the cold-storage period, the content of chlorophyll "b" increased in the whole lettuce leaves and decreased in the leaf blades. The strongest effect was observed after 7 days of storage, where the chlorophyll level in the whole leaves increased by 55% and decreased by 23 % in the leaf blades, compared with the fresh control plants (0).
The pre-harvest application of CaCl 2 in lettuce had a varied effect on the content of chlorophyll "b" in the whole leaves of cold-stored plants ( Fig. 2.A) . In plants pre-treated with 0.1M CaCl 2 , the level of chlorophyll "b" declined by 63% in the whole leaves of plants at 7-day storage, in comparison with the control stored in the same conditions. In turn, after 14 days, the content of chlorophyll "b" increased, compared with the control, by over 22 % and 53.5% in plants pre-treated with CaCl 2 at the concentrations of 0.1M and 0.2M, respectively ( Fig. 2A) .
The favourable effect of foliar CaCl 2 application on plants was evident in the leaf blades of cold-stored lettuce, in which after 7 and 14 days of storage the chlorophyll "b" level increased by 36% and 23%, respectively, in plants pre-treated with the 0.1M CaCl 2 concentration, compared with the control (Fig. 2.B) . Explanations as in Fig. 1 Changes in the total chlorophyll content induced by CaCl 2 application and cold storage in the whole leaves and leaf blades in lettuce are presented in Figure  3 A and B. It can be concluded based on the results obtained that the direction of changes in the content of total chlorophyll was similar to that in the changes in the chlorophyll "a" level ( Fig. 1 A and B) . Pre-treatment of the plants with CaCl 2 lowered the total chlorophyll content in whole fresh leaves by over 33%, in comparison with the control samples (Fig. 3A) .
After the 7-days cold-storage period, a slight increase (by ca. 3 .6%) in the total chlorophyll content was recorded in the whole leaves; after 14 days, the level decreased by approximately 20%, compared with the fresh control samples. Foliar application of CaCl 2 in the plants yielded a varied effect on the total chlorophyll levels in the cold-stored lettuce leaves. In the whole leaves of plants pre-treated with 0.1M and 0.2M CaCl 2 , the content of total chlorophyll declined by 59% and 49% after 7-day plant storage, and increased after 14 days by 22.5% and 12.2%, respectively, compared with the content in control plants stored in the same conditions. Explanations as in Fig. 1 A beneficial effect of CaCl 2 application on the total chlorophyll content was found in the leaf blades of cold-stored plants. Compared with the control, the content of total chlorophyll was higher by 35.7% and 35.2% in the leaf blades of 0.1M CaCl 2 -treated plants stored for 7 and 14 days, respectively.
DISCUSSION
Lettuce is a non-durable vegetable, in which degradation of leaf pigments (chlorophylls and carotenoids) or tissue browning occurs during storage [11] . The total chlorophyll content in lettuce leaves begins to decline as early as a few days after harvesting.
The results of the present investigations have demonstrated that the degree of chlorophyll degradation in lettuce depends on the analysed part of the leaf, duration of the cold-storage period, and the concentration of CaCl 2 applied through pre-harvest plant spraying. It was found that the whole lettuce leaves were characterized by a lower content of chlorophyll "a", "b", and total chlorophyll than the leaf blades without the midrib. The analyses of the changes in the chlorophyll levels in the leaves of whole lettuce heads stored in dark polyethylene bags at 4 o C for 7 and 14 days showed a significant decline in the level of chlorophyll "a" and a decreased content of chlorophyll "b" and total chlorophyll in the leaf blades in the control samples, primarily during the initial storage period, i.e. after 7 days. The pre-harvest application of the 0.1 M CaCl 2 solution in lettuce inhibited degradation of chlorophyll "a", "b" and total chlorophyll in the leaf blades, whereas the 0.2 M concentration did not exert such an effect. The degree of chlorophyll degradation during 7-day storage was similar to that in the control plants, whereas the longer storage period (14 days) increased the chlorophyll degradation rate.
Reduction of the chlorophyll content in stored freshly harvested vegetables at different temperatures was reported by other researchers [11] . Investigations conducted by F e r r a n t e and M a g g i o r e [11] demonstrated the effect of sodium hypochloride and storage temperature, on chlorophyll (a+b) stability. The leaves of Valeriana lettuce were washed with sodium hypochloride, dried and placed in the plastic bags for storage in 4 o C and 10 o C. After 5 days chlorophyll content decreased only in leaves stored at 10 o C but after 8 days, chlorophyll losses were found in leaves stored at both temperatures. The typical shelf life in most cases is 5-6 days [10] .
In the other experiment, F e r r a n t e et al. [9] there were evaluated the effect of cutting leaves of lettuce on chlorophylls (a+b) changes during storage. Before storage, leaves were washed with sodium hypochloride, cut and storage in plastic bag at 4 o C. Results of this study showed that chlorophyll content did not change until 5 days, but significantly decreased (-41%) in the cut leaves after 8 days of storage compared with control.
Available literature does not provide information about the cumulative effect of pre-harvest foliar application of CaCl 2 and the cold-storage period on the quality of leafy vegetables. The impact of calcium ions on chlorophyll levels was investigated in other vegetables, e.g. in cucumber cotyledons, where relatively low CaCl 2 concentrations were found to reduce the aging effect in the cotyledons, while higher 10 -3 M concentrations resulted in increased ethylene and carbon dioxide production, H 2 O 2 accumulation, and loss of chlorophylls. Calcium is thought to play a regulatory role in hormonal processes occurring in aging tissues [13] .
Other factors that may induce changes in chlorophylls, for instance UV-B radiation [15] , have also been investigated. The results obtained by C a l dw e l l and B r i t z [15] have demonstrated that application of UV-B radiation in growing plants increases the content of chlorophyll "a" and "b" as well as total chlorophyll.
